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Description 
Field of Invention 

5 

This invention relates to the detection of nucleotide sequences^ including both DNA and RhJA sequences. 
Background and Prior Art ^ 

10 The ability to detect the presence (or absence) of a given RNA or DNA sequence in a sample, e.g. a dlnlcally obtained 
sample or specimen, is potentially of great benefit to mankind. Existing methods of detection are. however, extremely 
time consuming and labour intensive and are therefore unsuitable for use on anything other than a very limited scale. In 
many cases also sensitivity is undesirably tew. In one commonly used procedure, for example, specific DNA sequences 
are detected in complex mixtures by digesting the sample with an appropriate restrictten endonuclease, followed by size 
fractionatten by gel electrophoresis, transfer of the sized fracltens from the gel to a nrtrocellutese or other suitable 
membrane, hybrWisartten to a radloactively labelled probe, usually a ^¥-labelled probe, and finally autoradiography. 
Such a procedure h inherently cumbersome and unsuited for automation. Also, very often the quantity of DNA or other 
nucleotide sequence to be detected and which is transferred onto the membrane is so small that in order to obtain a 
detectable s^nal after hybridisation a highly radioactive probe has to be used, which is disadvantageous both from the 
handling point of view and from the point of view that the radioactive label of choice, le. ^^P. has a relatively short 
half>life making it unsuitable for use as a stock reagent 

An alternative to the above Is the sandwich hybridisation technique disclosed by Dunn A.R. and Kassell JJV. 
in (1977) Cell t2 23 - 26 in which the sample containing the nucleotide sequence to be detected is contacted 
with a complementary fragment immobilised on a membrane, e.g. a nitrocellulose filter, and to which the se- 
25 quence to be detected hybridises in a first hybridisation step leaving an unhybridised tail available for a second 
hybridisatten step with a labelled probe. 

In EP-O 079 139 a proposal is made for the utilisation of the above described sandwich hybridisation techni- 
que in the Wentificatlon of microorganisms In a sample. In accordance with that proposal a sample containing a 
single-stranded nuciek: acid sequence from the micro-organism to be detected is contacted with two single-stran- 
30 ded fragments obtained from the genome of the mtero-organism in question either directly or by recombinant 
DNA technotogy and complementa^ to different posrtions of the sequence to be detected, but not to each 
other, the one being immobilised on a solid carrier, preferably a nitrocellulose filter, and the other being label- 
led. Although lal^elling with labels other than radioactive labels is implied, only radfoactive libelling is disdosed, 
and specifically labelling with ^^^1. In the presence of the single-stranded nucleic acW sequence to be detected! 
which hybridises with both the immobilised fragment and the labelled fragment, the labelled fragment becomes 
bound to the carrier and can be detected thereon by autoradiography, thus giving rise to positive identifteation 
of the microorganism from which that single-stranded sequence originated. 

Whilst the sandwich hybrkilsatten technique provWes advantages over the first described procedure inherent 
disadvantages remain arising particularly from the finite and quite limited quantity of nucleic acid which can be 
immobilised onto the nitrocellulose filter or other membrane. This in particular places limits on both the speed 
and sensitivity of the detectfon method. Also it appears that the efficiency of the hybrWisation particularly in the 
second stage is very tew, thus reducing the sensitivity of the method still further. 

In EP-O 070 687 a hybridisation diagnostic method is disctesed which uses light-fabeRed single-stranded poly- 
nucleotide reagents for hybridising with immobilised sample single-stranded polynudeolWes. A variety of solid 
supports are suggested for the immobilised sample single-stranded polynucleotide including activated glass 
beads, polyacrylamide. agarose or Sephadex® beads, and cellutose. Various known methods are also suggested 
for coupling the sample polynucleotide to the support, largely by reference to published literature, e.g. Methods 
in Enzymotegy Vol. XXXIV. part B, 463 - 475. 1974 and Vol. XUV. 859 - 886. 1976. but no specific examples 
of an operative method are given. It h also suggested that the sample singtestranded polynucleotide can be 
SO immobilised by contacting the sample under hybridisatten condittens with an Immobilised first single-stranded 
polynucleotkfe reagent complementary to a different and mutually exclusive portten of the sample polynucleotide 
to that whfch is required for the hybridisatten of the light-labelled polynucleotide reagent, i.e. a so-called sand- 
wich hybridisatten procedure. Again no speciffc examples are given of the procedure, or of the method by 
which the first polynucleotide reagent is attached to the support in the first place. 

55 

Summary of the Invention 

In accordance with one aspect of the present inventfon we have discovered that both the speed and efficiency of the 
sandwteh hybrteisatten reaction, partteularly the second stage, can be substantially increased by using solid particles or 

€0 beads of N.N'-methylene bisacrylamtee cross-linked allyl dextran (Registered Trade Matk SEPHACRYL) as the carrier 
for the immobilised nucleic add fragment thus providing a method for the detectten of nudefc acid fragments which is 
capable of providing a much improved sensitivity. In particular the use of partteles or beads of SephacryP appears to 
result In substantially improved covalent bonding of the polynucleotide reagent to the support. 

In a second aspect of this Inventfon, a particularly sensitive method has been developed for the detection of 

65 the abnormal human (sickle cell) p-gtobin gene by the sandwteh hybridisatten of a Dde I digest of the abnormal 



35 



40 



45 



2 



CGK00031279 



EP 0 205 532 B1 



geno with an immobilised polynucleotide reagent covalently bonded to Sephacryl® beads, and a second labelled 
polynucleotide reagent, such reagents comprising polynucleotide sequences obtained by restriction endonuclease 
treatment of the normal gene and complementary to different portions of a restrictbn fragment contained within 
the digest and containing the single base change in the sixth codon of the p-gk>bin gene that is characteristic 
5 of the abnormal (sickle cell) p-globin gene. 

In accordance with the present Invention therefore, there is provided a method for the detection of a given 
riucleic acid sequence in a sample, which comprises contacting the sample under hybrkfisatbn conditions with a 
first reagent comprising solid beads of SephacryP having Immobilized thereon a single-stranded nudeic acid 
fragment comprising a sequence complementary to a portten of the sequence to be detected and with a second 
10 reagent comprising a labelled singlestranded nucleb ackl fragment comprising a sequence complementary to a 
different portion of the sequence to be detected, but non-complementary to the immobilised fragment, thereby 
forming a hybridisation duplex comprising the sequence to be detected hybridised with both reagents, separating 
the hybridisation duplex from any remaining unbound label, and detecting the presence. If any. of label bound 
to the hybridlsatbn duplex. 

IS 

Detailed Description 

The first reagent used in the method of this Inventbn comprises a single-stranded nudeb add fragment immobilised 
onto the Sephacryr beads by covatent bonding between reactive, e.g. amino, groups In the nuclob add fragment, and 
20 reactive groups in or on the solid partble. 

Varbus methods exist and are known for the oovalent bonding of nudeb add fragments to such polymer 
beads. Including coupling with cart>odiRnbes via terminal phosphate groups and coupling via cyanogen bromide. 
Particular mentbn may be made, however, of coupling via diazotisatbn of aromatte amino groups attached to 
the polymer matrix, whbh technk^ue Is discbsed in detail in (1982) Nudeb Acid Res. 10. 22. 1799-1810 and 
25 71 63 ■ 71 96. 

Preferably the polymer beads will have a partble size in the range 5 to 50 more preferably 10 to 20 |i 
Likewise varbus methods exbt and are known for the labelling of single-stranded nudeb acid fragments to 
grovido th^ second reagent used In the method of this Invention. Labelling with radbactive Isotopes such as 
T*^ 8"° P •^as already been mentbned and can be used in the present invention. However, it is envisaged 
30 that, because of the greater sensitivity that can be achieved by the present invention, less highly radioactive 
Isotopes can be used as the label and In partbular tritium. Also it is envisaged that non-radbactive labels e.g. 
enzymatic fluorescent and chemiluminescent labels will be suitable, and In many cases may be preferred. 

Once the reagents have been prepared, and ft Is envisaged that these will be available in kit form, the 
method of the inventbn Is extremely simple to carry out and is readily adaptable to automatb or semi-automatb 
35 equipment. Essentially it is necessary merely to mix the sample with the two reagents, efther simultaneously or 
sucwsslvely. under condltbns effective to permit formatbn of the hybridised duplex comprising the two reagents 
hybndised to the restrbtbn fragment whbh is to be deteded. The hybridisatbn is repid. and since in contrast 
l?u H ^^^'^ hybridisatbn technique of EP-0 079 139. both the first (cmmobflised) reagent and the second 
(labelled) reagent can be used to infinhe excess, merely by increasing the quantity used, the amount of bound 
40 label can be maximised thereby to provide a maximum signal for subsequent detectfon. Thus the method of the 
present invention can be of great sensitivity, this being determined not by the concentratbn of the reagents, 
which effectively can be infinite, but by the concentratbn of the sequence to be detected in the sample. This is 
in mari<ed contrast to the method of EP-0 079 139 where the concentratbn of the immobilised reagent is finite 
and relatively bw. so that the quantity d label bound to the duplex is equally bw and is determined not by 
45 the concentratbn In the sample of the sequence to be deteded. whbh is usually far in excess of the quantity 
of the immobilised reagent, but by the quantity of the immobilised agent. In the method of the present inventbn 
a far higher proportbn of the sequence to be deteded present In the sample is hybrbised and consequently 
labelled Not on^ that, but as already indbated. there is a substantial and surprising increase in the effbbncy 
of the hybndisation readbn using beads as the carrier as opposed to a filter or membrane, e.g. of cellubse 
nitrate. " 



50 nitrate. 



The sample used in the method of this inventbn can be a purified and/or fractionated sample oontalning the 
polynucleotide fragment or fragments to be identified in single-stranded fonn, but It Is a major advantage of this 
invention that the sequence to be detected does not have to be separated from the sample prior to labelling as 
in the Southern bbtting technk)ue. h is therefore possible in accordance with the present Inventbn to deted a 
55 given poIynudeotWe sequence in a crude mixture of polynucleotWe fragments obtained 1^ the digestbn of the 
original sample, e.g. a clinbal sample containing DNA or RNA, with an appropriate restrictbn endonuclease and 
subsequent denaturation to reduce the restrbtion fragments to singlestranded form. 

Folbwing hybrbisatbn the SephacryP beads carrying the labelled hybridisatbn duplex are separated, e g by 
centrrfuging and washing, from unbound excess label and the presence of bound label deteded In the appro- 
60 pnate manner, e.g. by a sdntillatbn counter in the case of a radbadive label, or by enzymatb adivity in the 
case of an enzyme label, or light detecting means in the case of a fluorescent or chemiluminescent label 

The method of the present Inventbn has a wbe range of applbatbns arising from the abllrty rapidly to 
Identify particular nudeic acb (DNA or RNA) sequences in a sample. Thus it can be used to identify pathoge- 
nic micro-organisms in a sample, genetb abnormalities, etc. as well as simply a gene mapping exerdse A 
65 particular application given by way of example is in the bentifbatbn of sbkle ceU disease 
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Sickle cell disease is caused by a single base mutatbn (A T) In the sixth codon of the human p-globin 
gene. This change from GAG to GTG in the sixth oodon, besides altering the properties of the resultant hae- 
moglobin coded tor by the gene with valine being incorporated into the protein rather than glutamine, also re- 
sults in the loss of the Dde I and Mst II recognition sites at the 5' end of the P-globtn gene. This is dlagrama- 
5 tically Illustrated In the accompanying drawing which is a restriction map of Dde I and HInf I sites at the S' 
end of the P-globln gene. Dde t digestion of abnormal (sickle cell) p-gk>bln gene will therefore produce a single 
361 bp fragment comprising both Fragments B and C In a single continuous length, as opposed to two sepa- 
rate fragments, one of 201 bp (Fragment B) and 180 bp (Fragment C), that will be produced by Dde I diges- ? 
tk>n of the normal p-globin gene. Using the technk|ues already described to immobilise one of Fragment B or 

10 Fragment C onto polymer beads and to label the other, two reagents are provkfed capable of rapkily detecting 
the presence of abnormal sickle cell gene In a sample. Thus digestnn of normal p-gk>bin gene with Dde 1 will 
produce two fragments neither d which is capable of forming a "sandwich" with the two reagents. On the other i 
hand, digestion of abnormal (sickle ceO) P-gfobin gene with Dde I wHI produce a single fragment which is capa> 
ble of forming a "Sandwich* with the two reagents. When the Dde t digest is contacted with the two reagents 

IS under hybndisation conditions (i-e. after denaturation of the digest) the abnormal (sickle cell) p-globin gene will 
result in binding of the label, and hence a positive signal, whereas the normal p-globin gene will not. 

In a practksal experiment, the above procedure has been mimk:ked by digesting plasmki p*F5 with Hinf I. 
PlasmkJ P-F5 contains the 1.9 kb Bam HI restrictbn fragment of the human p-gtobin gene cbned into the sin- 
gle Bam HI site of the vector pAT 153 (Jackson et al., (1981). Eur. J. Biochem. J2L 27 - 31). Digestion of 

20 the plasmid P-F5 with Hinf I produced a 341 bp fragment (Fragment A) which was recovered from the product 
of digestion by electrophoresis and electroelutfon. This 341 bp fragment (Fragment A), as will be seen, 
comprises a substantial overlap (175 bp) with the 180 bp fragment (Fragment C), although not the whole of the 
180 bp fragment because of the slightly different locations of the Dde I and Hinf I restrictbn sites. Nevertheless 
for the purpose of sandwbh hybridisatbn with the 381 bp fragment the difference between the 175 bp se* 

2S quence contained in Fragment A and the full 180 bp fragment (Fragment C) is immaterial, since the sequence 
is the same, and it is that whbh Is Important, not the actual length of the fragment. 

After denaturation the 341 kb fragment was Immobilised onto macroporous cellubsb polymer beads (Sepha> 
ctyr S500) using the diazotisatbn method described by Seed B. in (1982) Nucleb Adds Res. 10. 1799 - 
1810. 

30 In a second operatbn plasmid P-F5 was digested with Mst II to produce a 201 bp fragment (Fragment B. 

see F^ure 1) whbh was likewise recovered from the digest Fragment B was then labelled with k>y nid< 
translation usino the technique of Rigby et al., (1977) J. Mol. BioL 112L 237 - 251. to a specif b activity of 1.5 
X 10 cpm liQ. 

In two further operatbns plasmid P-F5 was digested with Dde I and Bam HI. Dgestbn with Dde I produces 
3S short fragments not capable of "sandwbh* hybridisatbn with Fragments A and B, whereas digestion with Bam 
HI produces one bng fragment whbh is capable of 'sandwich** hybridisatbn. In each case digestbn was folio- 
wed by denaturatbn to provide single^tranded DNA fragments. 

Prbr to sandwbh hybrWisation by the technique of the present invention the immobilised Fragment A was 
prehybridiswf overnight at 65«C in 1 ml. 40 mM PIPES pH 6.5. 1 mM EDTA 0.6 M NaCI. 0.1 % SDS and 
40 250 ng mP sonbated denatured salmon sperm DNA. Foltowing prehybridisalfon, sandwbh hybridisatbn was car- 
ried out by mixing either the denatured Dde I or Bam HI p-F5 digests with immobilised 341 bp Fragment A 
and labelled 201 bp Fragment B in 50 ^1 of the same buffer and allowing the mixture to stand overnight The 
beads were then separated, washed three times for 10 minutes each at 65''C. with 1 mi of the same buffer 
but without the salmon sperm DNA and then counted. The results are shown In Table 1. These clearly show 
45 that with amounts of plasmb p>F5 of 100 attomoies or over, a clear distinctbn can be drawn between the Bam 
Hi digest and the Dde I digest. In the figures given in Tabte 1 the tow background count obtained when either 
the "Sandwich filling" was omitted or replaced by sonicated calf thymus DNA has not been subtracted. 
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Amount of restric- cpm on beads cpm on beads 
ted ^FS plasmid when enzyme is when enzyme is 
(attomoies) Bam HI Dde I 



10.000 


552 


63 


5.000 


748 


70 


2.000 


482 
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1.000 
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500 
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In a further practical Qxperiment, th© abovo sandwich hybridisation using the immobilised 341 bp Fragment A and the 
labelled 201 bp Fragment B has been repeated using a Dde I digest of 60 attomoles of human DNA both from a nor- 
mal patient and from a homorygote s'ckle patient. The results were unequivocal. After background substractbn. a typi- 
cal experiment gave 441 counts (10 minutes) for sickle DNA and 153 counts for normal DNA illustrating and confirming 
5 the effectiveness of the method of the invention in identifying the presence of sickle DNA. 

By mixing the Bam HI and Dde I digests of p-F5 it h possible also to mimb the case of the skMe hetero- 
rygote. In such an experiment counts (10 minutes) were obtained using 100 attomofes ptasmid DNA as folfows- 
normal 128; heterozygote 296; homozygote 745; thus Indicating that the method can be quantitated to identifv 
heterozygotes as well as homoz^otes. ' 
10 im summary, the method of the present invention has the folbwing advantages over present technology: 

1. It is qufcker. Electrophoresis, blotting and autoradiography are eliminated. The sandwich hybridisation can be carried 
out in as little as 8 hours; the separation of beads by gravity, centrifuge or magnetically takes seconds; and quantlta- 

? a sdntHlation counter takes a few minutes. In practice results have been obtained within 48 hours of taking 
15 blood and the indfcations are that substantial reductbns will be possible in the future. 

2. It is extremely easy to automate and hence to process a large number of samples. 

3. It is readily adaptable to other methods of DNA labelling. 

4. It works as well with short restrfctbn fragments as with bnger ones and is readily adaptable for the use of oligonu- 
cleotides. This greatly enlarges the number of potential applfeatbns. 

20 5. Whereas membranes have a (bw) finite capacity for binding DNA, larger quantities of DNA can be readily handled 
m the present procedure by simply increasing the quantity of immobnised and labelled DNA's. This offers the 
possibility of either increasing the sensitivity of the assay or of using a labeUed DNA of bwer specific activity or of 
reducing the hybridisatbn time stUi further. # » ^ 

25 These advantages will now permit the rapid adoptbn of recombinant DNA technobgy to routine laboratories for the 
identification and characterisatbn of bacteria, viruses, and genetb disorders in humans, animals and plants. 
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Claims 



1. A method for the detection of a given nucleotide sequence in a target polynucleotide, which comprises contacting the 
target polynucleotWe under hybrkJisatbn conditbns with (a) an immobilised polynudeotWe comprising a single-stranded 
nucleotide sequence complementary to. and hybrblsable under said conditbns. wHh a first section of sab sequence to 
be detected, said polynucleotide being immobilised onto a particulate carrier material comprising beads of synthette 

35 resin having said polynudeotbe attached thereto, and (b) a labelled polynucieotkle probe comprising a single-stranded 
nucleotide sequence complementary to. and hybridisable under said conditbns, wHh a second and different sectbn of 
the sequence to be detected, labelled with a mariner, thereby to form an immobilised hybridisatbn duplex comprising the 
immobilised polynucleotide, the target polynudeotbe and the labelled polynucleotide attached to sab beads, separating 
the beads carrying the immobilised duplex from the reactbn medium and determining the presence of the maricer on the 
separated beads. <^aracteris0d in that the immobilised polynucleotide, comprises a polynudeotbe containing said sin- 
gle-stranded complementary nucleotide sequence covalently bonded to solb beads of N.N'-methylene bisacrylamide 
cross-linked allyl dextran (SephacryH* sab beads having a size in the range 5 to 50 urn. 

2. A method according to daim 1, wherein the {mnrK>bilised polynucteotbe is covalently bonded to the resin beads by a 
diazotisation reactbn between reactive groups on the resin and free amino groups on the polynudeotbe. 

3. A method according to daim 1, wherein the immobilised polynudeotbe Is covalently bonded to the resin partfcles or 
beads by cart)odiimbe coupling between the phosphate groups at the 5' end of the polynudeotbe and reactive groups 
on the resin. 

4. A method according to daim 1, 2 or 3. wherein the polynucteotbe probe comprises a radbactive martcer or label. 

5. A method according to daim 1, 2 or 3. wherein the polynudeotbe probe comprises an enzyme mariner or label. 

55 6. A method according to any one of daims 1 - 5. wherein the immobilised polynudeotbe and the polynudeotbe orobe 
are restriction endonudeasepdynudeotbe fragments. 

7. A rnethod according to daim 6, as applied to the detection of the abnormal human (sbkle cell) B-gbbin gene whfch 
compnses digesting the gene with a Dde I restrictbn endonudease to produce a restrbtion digest containing as a 
component a 381 bp restrbtion fragment containing the abnormal sixth codon whfch Is a characteristb of the abnormal 
gene contacting the digest containing that fragment under hybrblsalbn conditbns with (a) sab immobilised single- 
stranded polynudeotbe <»vatently bonded to solid resin beads, sab singte-stranded polynucteotbe being hybridis^te 
with a first section of sab fragment, and (b) with a labelled singte-stranded polynucleotide probe hybridisable with a 
second section of said fragment, wherein one of sab singte-stranded polynudeotbe probe and sab labelled singte- 
stranded polynudeotbe is or comprises a 180 bp polynudeotbe sequence obtainable by Dde I digestbn of normal 
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human p-gtobih gene and comptementary to a first section of said 381 bp fragment, and the other is or comprises a 201 
bp fragment obtainable by Dde t digestion of normal p-globin gene and complementaiy to a second, different, section of 
said 361 bp fragment, separating the beads carrying the resulting immobilised hybridisation duplex comprising the 
immobilised single-stranded polynucleotide, the said restriction fragment, and said labelled polynucleotide probe, and 
5 determining the presence of the marker on the separated duplex. 

6. A method according to claim 7. wherein the said 160 bp polynucleotide sequence is replaced by a 341 bp fragment 
containing a sequence of 175 bp identical to that of the first 175 bp of said 180 bp fragment, said 341 bp fragment 
being obtainable by Hint I digestion of normal human B-globin gene. 

10 

9. A method according to claim 8. wherein the said 341 bp fragment ts obtained by the Hint I digestion of plasmid ^FS, 
plasmid p-F5 itself being obtained by inserting the human p-globin gene into the Bam HI site of vector pAT153. 

10. A method according to daim wherein the said 201 bp fragment is also obtained from plasmid p-F5. but in this case 
IS by digestion of the plasmid with Mst II. 

11. A diagnostic kit for the detection of a given nucleotkle sequence in a target polynucleotide, comprising as a first 
component an immobilised polynucleotide reagent comprising solid beads of a synthetic resin having a polynucleotide 
comprising a single-stranded polynucleotide sequence complementary to a first section of the nucleotide sequence to 

20 be detected covalentiy bonded to said particles or beads, and as a second component, a polynucleotide probe compri- 
sing a single*stranded nucleotkie sequence complementary to a second, different sectkin of the nucleotide sequence to 
be detected, and labelled with a maricer. characterised in that said beads consist of N.N'-methylene bisacrylamide 
cross-linked al^l dextran (Sephacryr), said beads having a size in the range 5 to 50 ^m. 

25 12. A diagnostic kit according to daim 11 for the detectbn of the abnormal human (sickle cell) ^lobin gene, charac- 
tensed in that one of sad single stranded polynucleotide sequences b or comprises a 180 bp polynucleotide sequence 
obtainable by Dde I digestbn of normal human p-globin gene, and the other is or comprises a 201 bp fragment 
obtainable by Dde I digestion of normal P-globin gene. 

30 13. A kit according to daim 12. modified in that the said 180 bp polynucleotide sequence is replaced by a 341 bp 
fragment obtainable by Hint I digestion of normal human p-globin gene, saki 341 bp fragment containing a sequence of 
175 bp identical to the first 175 bp of said 180 bp fragment 

14. A kit according to claim 13, wherein said 341 bp fragment is a product obtained by Hinf I digestton of plasmid P-F5. 

35 

15. A kit according to claim 14. wherein said 201 bp fragment is a product obtained by Mst 11 digestion of plasmid P-F5. 

16. A kit according to any one of daims 10-15 wherein the said maricer is an enzyme. 

40 17. A kit according to claim 16. the kit also contains, as a third component, means for detecting the enzyme maricer. 
sakI means comprising a substrate for said enzyme. 
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1. Verfahren zum Erfassen einer vovgegebenen Nukleotidsequenz in einem Polynukleotidtarget mit Inkontaktbringen 
des Polynukleotidtargets unter HybrWisierungsbedingungen mit (a) einem immobllisierten Polynukleotid. welches eine 
einzelstrgngige Nukleotidsequenz aufweist. wetehe komplementar zu einem ersten Abschnitt der Sequenz, die er faBt 
werden soli, ist und unter den genannten Bedingungen hybridisierbar ist. wol>el das Polynukleotid auf einem besonde- 

SO ren Tragermaterial immobilisiert ist. wek:hes KunstharzkOgelchen aufweist, an denen das Polynukleotid angebracht ist, 
und (b) einer marttierten Polynukleotidsonde. die eine einzelstrangige Nukleotidsequenz aufweist. welche komplementar 
zu einem zweiten und verschiedenen Abschnitt der zu erfassenden Sequenz ist und unter den genannten Bedingungen 
hybridisierbar ist. markiert mit einem Markrermittel, um dadurch eine immotHlisierte Hybridisierungsduplex zu bilden. 
welches das immobillsierte Polynukleotid aufweist. wobei das Polynukleotidtarget und das maricierte Polynukleotid an 

55 den Kugefchen angebracht sind. AbscheWen der KQgetehen, wetehe die immobilisierte Duplex tragen. aus dem Reak- 
tionsmedium und Feststellen des Vorhandenseins des Markiermittels auf den abgeschiedenen KQgetehen, dadurch 
gekennzeichnet daS das immobilisierte PolynukleotkJ ein Polynukleotid aufweist. welches die elnstrangige komplemen- 
tare Nukleotklsequenz kovalent gebunden an festen KQgetehen von N,N*-MethyienbisacryIamW vernetzt mft AllyWextran 
(Sephacryr) enthSIt, wobei die KQgetehen eine Gr63e im Bereteh von 5 bis 50 tim haben. 

60 

2. Veriahren nach Anspruch 1. wobei das immobilisierte Polynukleotid durch eine Diazolierungsreaktbn zwischen reak- 
tfensfahigen Gruppen des Kunstharzes und frelen Aminogruppen auf dem Polynukleotkf kovalent an die Kunst- 
harzkugetehen gebunden ist. 

65 3. Verfahren nach Anspruch 1, wobei das tmmobiristerte PolynukleotkJ durch Zyanamidkopplung zwischen den 
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Phosphatgruppen am 5'-Ende des Polynukteotids und reaktionsfdhigen Gruppen auf dem Kunstharz kovalant an die 
Kunstharzpartikel gebunden ist 

4. Verfahren nach Anspruch 1, 2 odar 3, wobai die PoVnukleotklsonde etn radoaktives Markiermittel atifweist. 

5 

5. Verfahren nach Anspruch 1, 2 Oder 3, wobet die Polyniikleotidsonde ein Enzym-Marfciermittel aufweisL 

6. Verfahren nach einem der Anspruche 1 bis 5. wobei das fmmobifelerte Polynukleotki und die Polynukleotklsonde 
Restriktbnsendonukiease-PolynukieotidbruchstQcke sind. 

10 

7. Verfahren nach Anspnjch 6» angewandt auf die Erfassung des anomalen menschlichen (Sichelzeli) p-Gbbingenes, 
welches Ordnen bzw. AufschlieBen des Genes mit einer Dde t Restriktionsendonuklease aufweist. um etnen Restriktbn> 
saufschluB herzustellen. der als eine Komponente ein 381 bp Restriktbnsfragment enthatt. das die anomale sechste 
Foiga enthlUt, die ein Charakteristikum dem anomalen Genes ist, Inkontaktbringen des Aufschlusses, webher dieses 

15 Fragment enthalt, unter Hybridlsiemngsbedingungen mit (a) dem kovalent an feste Harzkugebhen gebundenen, immo- 
bilisierten einstrang^en Polynukleotk!» wobei das einstrangige Polynukfeotid mrt einem ersten Abschnrtt des Fragmentes 
hybridislerbar ist, und (b) mit einer markierten einstrangigen Polynukleotidsonde, die mrt einem zweiten Abschnitt des 
Fragmentes hybridisierbar ist, wobei die einstrdngige Polynukleotidsonde Oder das markierte elnstrSngfge Polynukleotid 
eine 180 bp Polynukleotkifolge ist Oder eine sobhe aufweist, webhe man durch Dde I AufschluB eines nomnalen 

20 menschlbhen p-Gbbingenes erhSIt und zu einem ersten Abschnitt des erwS^nten 381 bp-Fragmentes komplementdr 
ist, wobei das Jewetis andere ein 201 bp-Fragment tet Oder efn sobhes aufweist, webhes durch Dde i AufschluB des 
normalen p-Gbbingenes erhSltibh und zu einem zweiten, anderen Abschnitt des envShnten 381 bp-Fragmentes kom* 
plement^ ist, Abscheben der KOgebhen. webhe die resultierende immobilisierte Hybridisierungsduplex tragen, webhes 
das immobilisierte einzelstrSngige Pofynukleotb, das Restriktbnsfragment und die markierte Polynukleotidsonde auf- 

25 waist und Bestimmen des Vorhandenseins des Markierelementes auf der abgeschiedenen Duplex. 

8. Verfahren nach Anspruch 7, wober die 180 bp Polynukleotidfolge durch ein 341 bp-Fragment ersetzt wird, weiches 
eine Folge von 175 bp enthalt, die Mentlsch mit den ersten 175 bp des 180 bp-Fragmentes ist. wobei das 341 bp-Frag- 
ment durch Hinf I AufschluB normalen menschlichen p-Gbbingens erhaitlbh ist 

30 

9. Verfahren nach Anspruch 8, wobei das 341 bp-Fragment durch Hinf I AufschluB von Plasmid p-F5 erhalten wird. 
wobei das Plasmid p-F5 setbst durch EInsetzen des menschlbhen p-Gbbingenes an den Bam HI Platz des Vektors 
pAT 153 erhalten wurde. 

35 10. Verfahren nach Anspruch 9, wobei das 201 bp-Fragment ebenfalls von dem PlasmkI P-F5 erhalten wurde, jedoch 
in diesem Fall durch AufschluB des Plasmbes mit Mst II. 

11. Diagnosesatz fQr die Erfassung einer vorgegebenen Nukieotidsequenz in einem PofynukleotWtarget, mit einem 
immobilisierten PolynukleotWreagens als erster Komponente. webhes feste KOgebhen eines Kunstharzes aufweist, das 

40 ein Polynukleotid hat. webhes eine einstrangige Polynukleotidfolge aufweist, die komplementSr zu einem ersten Ab- 
schrirtt der zu erfassenden Nukieotidfolge ist und die kovalent an die Teibhen oder Kugelchen gebunden ist. und als 
zweite Komponente eine PotynUkleotbsonde aufweist. die eine einstrangige Nukleotbfolge hat die zu einem zweiten 
anderen Abschnitt der zu erfassenden Nukieotidfolge komplementar ist und mit einem Markierungsmittel marklert ist, 
dadurch gekennzeichnet, daB die KOgebhen aus N,N'-Methylenbisacrylamb bestehen, webhes mit Allyldextran vernetzt 

45 Ist (Sephactyn, wobei die KOgebhen eine GrdBe im Bereich von 5 bis 50 ^m haben. 

12. Diagnosesatz nach Anspruch 11 zur Erfassung des anomalen menschlbhen (Sbhelzellen) P-Gbbingenes, dadurch 
gekennzBicbnot, daB eine der einstr^lgen Polynukleotidfoigen eine 180 bp Nukieotidfolge ist oder eine sobhe auf- 
weist. webhe durch Dde l-AufschluB nomialen menschlichen P-Globingenes erhahllch ist und die andere ein 201 bp> 

50 Fragment ist oder ein sobhes aufweist. webhes durch Dde I AufschluB normalen p-Gbbingenes erhitttbh ist 

13. Satz nach Anspruch 12. dadurch modifiziert. daB die 180 bp Polynukleotidsequenz durch ein 341 bp-Fragment 
ersetzt wird. welches durch Hinf l-AufschluB normalen menschlichen P-Gbbingenes erh&hlbh ist, wobei das 341 bp- 

^ Fragment eine Folge von 175 bp enthSIt, die bentisch mit den ersten 175 bp des 180 bp-Fragmentes ist 

14. Satz nach Anspruch 13, wobei das 341 bp-Fragment ein Produkt 1st webhes durch Hinf l-AufschluB des Plasmides 
P-F5 erhalten wurde. 

15. Satz nach Anspnjch 14, wobei das 201 bp Fragment ein Produkt ist welches durch Mst II AufschluB des Plas- 
60 mbes p-F5 erhalten wurde. 

16. Satz nach einem der Anspruche 10 bis 15, wobei das Markiermittel ein Enzym ist 

17. Satz nach Anspruch 16, wobei dieser Satz zusatzlbh als dritte Komponente Mittel zum Erfassen des 
65 Enzymmarkiermittels enthilt, wobei diese Mittel ein Substrat fur das Enzym aufweisen. 
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Revendicatlons 

1. Proc6d6 de detection d*une sequence ddtermin^e de nucldotidas dans un pofynucldotide dble, lequel consiste k 
metlre en cortaci le poIynucl6otlde clble dans des conditions d'hybridlsation avec (a) un polynuddotide Immobflis^ 

5 compranant una sequence mono-brin de nucleotides oompldmentaire et hybrldls^e dans lesdites conditions k une 
premiere section de ladite sequence h d^tecter, (edit potynuel6otlde 6tant immobirisd sur un mat^riau support particu- 
lalre comportant des bnies de rdsine synth6tique ayant tedit polynucldotique fix6 k celles-d. et (b) une sonde marqude 
de polynucleotide comprenant une sequence mono-brin de nucleotides compiementaire et hybridisable dans lesdrles 
conditions k une seconde section differente de la sequence k detector, inarqu6e avec un marqueur, de fagon k former 

10 un duplex d'hybridisatton immobin$6 comprenant le polynucleotide immobilise, le polynucleotide clble et le polynucleo- 
tide marque fixe auxdites billes. k s^mr les billes portant le duplex Immobilise du milieu reactionnel et k determiner la 
presence du marqueur sur les billes separees» caractiris^ en c© quB le polynucleotide immobilise comprend un polynu- 
cleotide oontenant ladite sequence mono-brin de nucleotides compiementaire liee de mani6re covafente k des billes 
sofides d'altyldextrane r6ticul6 au N,N'.methyiene bisaciylamide (Sephaciyl®). lesdites billes ayant une taille dans la 

75 gamme de 5 ^ 50 micrometres. 

2. Precede suivant la revendicatfon 1, dans lequel le polynucleotide immobilise est lie de maniftre covalente aux billes 
de r6slne par reaction de diazotation entre des groupes reactlfs sur la resine et des groupes amino libres du polynu- 
cleotide. 

20 

3. Precede suivant la revendication 1, dans lequel le polynucleotide Immobilise est lie de maniere covalente aux billes 
ou particules de resine par couplage k ia carbodiimide entre les groupes phosphate en positbn d'extremite 5* du 
polynucleotide et des groupes r6actifs sur la r6sine. 

25 4. Procede suivant la revendication 1, 2 ou 3. dans lequel la sonde polynucleotide comporte un marqueur ou indlcateur 
radbactff. 



30 



5. Procede suivant la revendication 1, 2 ou 3, dans lequel la sonde polynucleotide comporte un marqueur ou indlcateur 
enzymatique. 

6. Procede suivant Tune queloonque des revendicatlons 1 k 5» dans lequel te po^nudeotide immobilise et la sonde 
polynucleotide sont des fragments polynucleotide rfendonuciease de restrictfon. 

7. Procede suivant la revendication 6, applique k la d6teclfon du gene anomial p-globlne humaine (drepanocyte) lequel 
35 consiste k mettre en digestion le gene avec une endonuciease de restriction Dde I pour produire un digeste de restrict 

tiori contenant en tant que composant un fragment de restriction 381 bp contenant ie sixieme codon anormal, caracie- 
ristique du gene anormal, k mettre en contact le digeste contenant ce fragment dans des conditions d'hybridisation 
avec (a) ledit polynucleotide Immobilise mono-brin lie de maniere covalente aux billes de resine solide» ledit polynucleo- 
tide mono-brin 6tant hybridisable avec une premiere section dudil fragment, et (b) avec une sonde polynucleotide 

40 rnono-brin marqu6e hybridisable avec une seconde section dudit fragment, dans lequel I'un de ladite sonde polynucleo- 
tide mono-brin et dudit polynucleotide mono-brin marque est oonstitue de ou comprend une sequence polynucleotide 
180 bp obtenable par digestion Dde I du gene normal P-gbbine humaine et compiementaire k une premiere section 
dudit fragment 381 bp, et Tautre est oonstitue de ou comprend un fragment 201 kip obtenable par digestion Dde I du 
gene normal P-globine et compiementaire k une seconde et differente section dudit fragment 381 bp, k separer les 

45 billes portant le duplex ^hybridisation immobilise resultant comprenant le polynucleotide immobilise mono-brin. iedit 
fragment de restriction, et ladite sonde polynucleotide marquee, et k determiner la presence du marqueur sur le duplex 

8. Precede suivant la revendication 7. dans lequel ia dite sequence polynucleotide 180 bp est remplacee par un 
50 fragment 341 bp contenant une sequence de 175 bp identique k oeHe des premieres 175 bp dudit fragment 180 bp, 

ledit fragment 341 bp etant obtenable par digestion Hinf I du gene nomnal de la p-globine humaine. 

9. Precede suh^ant ia revendication 8, dans lequel ledit fragment 341 bp est obtenu par la digestion Hinf I du plasmide 
P-F5, ie plasmide P-F5 etant lui-meme obtenu par Insertion du gene p-gtobine humaine dans le site Bam Hi du vecleur 

55 pAT153. 

10. Precede suivant la revendication 9, dans lequel ledit fragment 201 bp est obtenu egalement du plasmide P-F5 
mais en ce cas par digestion du plasmide avec Mst IL 

60 11. Kit de diagnostic pour la detection rfune sequence d6terminee de nucleotides dans un polynucleotide cible, com- 
portant comma premier composant un r6actif polynucleotide immobilise comprenant des billes solides d'une 'r6sine 
synthetique ayant un polynucleotide comprenant une sequence polynucleotide mono-brin compiementaire k une pre- 
miere section de la sequence de nucleotides k detecter et liee de maniere covalente auxdites particules ou billes. et 
comma second composant. une sonde polynucleotide comprenant une sequence de nucleotides mono-brin compiemen- 

65 taire k une seconde et differente section de la sequence de nucleotides k detector, et marquee avec un marqueur. 
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car^irbe m cb quB lesdKes billes consistanft an de fallyl dextrane r^tlcut^ au N,N*-m6thyl&nd bisacrytamide (Sdpha- 
cryr), iesdites billes ayant una tallle dans (a gamma de 5 & 50 micrometres. 

12. Kit da diagnostic selon la ravandicatbn 11 pour la detection du g&ne anormal p-globine humaine (dr^panocyte), 
caraci^is6 en ce quo Tune desdHes sequences polynuclaotide mono-brin est constitu6 de ou comprend une s^uence 
polynucleotide 180 bp obtenable par digestion Dde I du g^ne normal p-gbbine humaine. et Pautre est constitute de ou 
comprend un fragment 201 bp obtenable par digestion Dde I du g^ne normal P-globine. 

13. Kit sebn la revendication 12, modifle en ce que ladite sequence pofy nucleotide ^B0 bp est remplacee par un 
fragment 341 bp obtenable par digestbn Hint I du g^ne normal p-gbbine humaine. ledit fragment 341 bp contenant une 
sequence de 175 bp dudit fragment 1B0 bp. 

14. Kit sebn la revendication 13, dans bquel ledit fragment 341 bp est un produit obtenu par d'^estbn Hinf I du 
plasmide ^-FS. 

15. Kit sebn la revendicatbn 14, dans iequel ted'it fragment 201 bp est un produit obtenu par digestbn Mst II du 
plasmide p-F5. 

16. Kit sebn d'une quetconque des revendbatlons 10 & 15, dans bquel ledit marqueur est une enzyme. 

17. Kit selon la revendbatbn 16. le kit contenant en outre, en tant que troisieme composant. un moyen de detection du 
rharqueur enzymatlque. ledit moyen comprenant un substrat pour ladite enzyme. 
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